The cause of the histological damage of Faunus ater (gastropod mollusk) gonad has been identified in the samples from two rivers, namely Bale River and Reuleng River which flow through residential, agricultural and industrial areas. The heavy metal concentration within the tissue of Faunus ater was analyzed with Atomic Absorption Spectrophotometer (Shimadzu AA 630). Meanwhile, the histological damage on gonads was observed microscopically. Afterwards, the damage levels obtained from the two respective rivers were compared and analyzed with t-test. The results confirm the histological damage that occurred in the gonads of Faunus ater collected from the two rivers. The gonadal damage of female Faunus ater from both rivers was found not to be significantly different, observed by the number of developed and damaged oocytes. It was also found that the gonads of male Faunus ater collected from Bale Riverl, have higher quantity of spermatogenic cells, in which they experience greater necrosis than the ones from Reuleng River.
INTRODUCTION
The Reuleng River and Bale River are located in Aceh Besar District, Aceh Province, Indonesia. In 2004, a great tsunami jeopardized these rivers. Lhoknga and Leupung are the two worst impacted areas of the tsunami. Reuleung is a major river that stretches from the east end of Leupung sub-district to Indian Ocean. The Reuleng river holds a significant role for the community it flows through. This river carries abundant natural resources such as sands, fishes, snails, etc. The watershed is close to the residential area where various domestic activities take place that in fact contribute to a significant impact as the contaminant sources.
Bale River is located in Lhoknga Sub-district, besides flowing through residential area, this river also flows through the cement factory area. The washing water used for the factory's machines, is discharged to this river. A number of aquatic biotas such as mollusk, including Faunus ater, are certainly affected by the occasionally greasy and blackened river.
The Reuleng River and Bale River watersheds are suspected to be contaminated due the domestic and industrial activities around; hence, monitoring and evaluation is required against the water condition as one of the preventive approaches. One of the most feared pollutants is heavy metal (Müller, 2017) .
Heavy metals constitute one of the commonly found environmental pollutants in the waters. Heavy metals can also negatively affect the health of humans using the water as well as the aquatic organisms. The presence of heavy metals in organism tissue can be from natural or anthropogenic sources (Sharaf and Shehata, 2015) . Intense industrial and anthropogenic activities caused an excessive release of heavy metal waste to the environment (Duruibe et al., 2007) .
An organism can be exposed to heavy metals either directly from the environment or from other organism through food chain (Anna Jakimska et al., 2011). The heavy metals in the water can later form sediment, causing the high possibility of heavy metal exposure to the people who use the water. The heavy metal contaminated water can be toxic for living organisms (Govind and Madhuri, n.d.) .
The pollution affects the physiochemistry of the water, sedimentation and biological components, especially the quality and the quantity of Faunus ater (Udayantha and Munasinghe, 2012) . Founus ater is one of the healthy and cheap protein resources that contains greater amino acid cysteine amount than any other protein resources (Gatsogiannis et al., 2015) . After the tsunami in 2004, the local consumption of Faunus ater was found to be increasing, especially in the rural villages. In several villages, which are located near either the Bale River such as Meunasah Bale and Meunasah Baro Village or the Reuleng river such as Layen Village and Mesjid Leupung Village, Faunus ater collected from the river is sold for consumption. Therefore, it is important to ensure the high quality of the consumed Faunus ater.
METHODOLOGY
A water sample was taken within three months interval from February to April 2017. The sample collection took place in Bale River, Lhoknga Subdistrict and Reuleng River, Leupung Sub-district, Aceh Besar District. The histological analysis of the Faunus ater reproduction system was conducted in the histology laboratory at the Faculty of Veterinary, Syiah Kuala University. The histological analysis included the following steps: the shell was removed, then the gonad organ was retrieved; next, the histological stock was prepared with the paraffin method. A gonad specimen was inserted to Bouin fixative solution; then, it was consecutively dehydrated with 70%, 80%, 90%, 95% and 100% alcohol, cleared in xylol, infiltrated and embedded in paraffin block at 56-58 o C. The embedded stock was incised with 5 microns density using rotary microtome.
Each sampling was done with 4 incisions with 10 incisions interval and placed on the glass objects which were coated with an adhesive solution. In order to observe the ovotestis tissue, the stock was colored with Hematoxylin Eosin (HE) method which refers to Gridley (1960) . The gonadal tissue observation was conducted with light microscope at 10 x 40 magnification. Each incision was observed for three fields of view; thus, there were 12 fields of view for each repetition.
The observed parameters in this study included the number of oocyte/mature sperm, oocyte/ immature sperm and oocyte/damaged sperm.
STATISTICAL ANALYSIS
The data obtained from the observation of the number of oocyte/mature sperm, oocyte/immature sperm and oocyte/damaged sperm, were analyzed using t-test (Sudjana 2005), with the equation below:
where: S : Standard deviation n1 : Group 1 quantity n2 : Group 2 quantity 1: Group 1 average 2: Group 2 average Table 1 exhibits the contents of Pb and Zn which were detected in Faunus ater from the Bale River and Reuleng River. Statistically, there is no significant difference (P>0.05) observed from the comparison of the samples from the Reuleng River and Bale River, even though the Bale River was expected to exhibit higher Pb and Zn concentrations due to the near industrial activities. This insignificant difference of heavy metal contamination is probably caused by the similar pollution source. Through an observation in the Reuleng River, it was visually observable that there were many domestic wastes. Due to its location that close to agricultural and residential area, the wastes produced by the anthropogenic activities were directly released to the river. Generally, domestic waste contains solid (such as rinds, vegetables, plastics, cans, bottles, etc.) and liquid wastes. These facts contribute to the presence of Pb in the water. Meanwhile, in the upstream river that is surrounded by rock hill, the natural release of Zn can occur during the rain to the river body. Moreover, the anthropological activities such as sand mining and land excavation also contribute to the heavy metals release, thus eventually leading to the accumulation of Zn. Besides, the presence of both Pb and Zn in Bale River is suggested to be coming from the machine washing process within the cement industry near the river. The threshold of Pb accumulation (according to Indonesian law) is 1.5 mg/kg, where the concentration in Fausnus ater detected in this study far exceeded the threshold (Table 1) The Pb and Zn metal pollution in waters is possibly visually unobservable even against the Faunus ater itself, in which diseases can be observed; however, the pollution may reduce the fecundity of Faunus ater population, which eventually can lead to long-term population reduction and even extinction. The Zn content in the Reuleng River and Bale River is, however, still in normal capacity (Table 1) , where the Zn threshold in food (according to Indonesian law) is 40.0 mg/kg. Such pollution, nevertheless, can affect the reproduction system, either directly or indirectly through the heavy metal accumulation in the reproduction organs. Reproduction regulation in mollusks is very complex and regulated by various factors and heavy metal pollution can affect any part of this system. The growth of industries and factories around the river has increased the river pollution potential.
RESULT AND DISCUSSION

Pb and Zn content in Faunus ater
Histological Damage of Faunus ater Gonad
The results reveal that the tissue damage on the reproduction system of Faunus ater, where in female gonad; (a) Oocyte average that has developed to gonadal maturity level is higher in the samples obtained from the Reuleng River than from the Bale River; (b) Oocyte average that has not developed to gonadal maturity level is higher in the samples obtained from the Releung River than from the Bale River; and (c) the average number of damaged oocytes is similar in the samples obtained from both locations, where the lobules are present in the damaged gonad due to the contaminants; thus, the development of oogonia to become oocyte cannot take place (Table 2) . Meanwhile, the histological analysis in male gonad, it was found that the samples from the Bale River have higher quantity of spermatogenic cells that experience greater necrosis, than from the Reuleng River (Table 3) .
The tissue damage in the reproduction system of Faunus ater results from the accumulation of 11.78 pollutants that are found in the two rivers. The presence of Pb and Zn in the Bale River (Table 1) is one of other causes that lead to the lower gonadal maturity in the Bale River. This situation indicates that the pollution in the Bale River has taken an effect on the snail reproduction, where the nearby cement factory possibly gives the major contribution to this. The possibility of the heavy metal exposure on Faunus ater tissue increases, as the continuous accumulation of the heavy metals in the river body can form sedimentation. Therefore, it is more likely the bioaccumulation can occur within the gonadal tissue and affecting the oogenesis and spermatogenesis process in the organism. The Pb and Zn content has a correlation against the reproductive cells, thus affecting the gametogenesis (Jalius et al., 2016) . It is in agreement with (Desouky, 2009) , where the heavy metal exposed scallops experience a gamete development disorder, where even gametes are unable to degenerate. Heavy metals can be exposed to snail tissue through oral pathway, where it is later carried by blood circulation with the chemical binding until it reached the target organ. Within a long period of time, the heavy metals are accumulated in the tissue and affect the physiological and biochemical activities. Darmono (1995) reported that stationary or slow mobility water plants and several mollusks (clams, snails, etc.) cannot regulate the metal-like other aquatic organisms.
The heavy metal exposure on Faunus ater in the Balee River and Reuleng River iaffects the gametogenic cell development disorder during the cellular proliferation. The abnormal development of gametogenic cells can be observed in Figure 1 . In female gonad, the presence of lobules is observable in the sporadic spermatogenic sells. The heavy metal exposure induces the reduction of secondary spermatocyte and spermatozoa (Baršienė et al., 2008) . This study finds that the lead exposure on female gonad can also cause seminiferous tubules and germ cells to experience damage and quantity reduction (Garu et al., 2011) . This is in agreement with (Sukmaningsih, 2009) , where it is reported that lead (Pb) and cadmium (Cd) from the cigarette smoke can reduce the quantity of pachytene spermatocyte and spermatid during spermatogenesis.
Contaminant chemicals, especially heavy metals such as Pb, Cd, Cr and Hg, affect the development of reproductive cells in both the initial and final step. Moreover, in the cellular proliferation step of gametogonium, they hinder the mitotic division, especially during the metaphase that is very sensitive against the chemical change, temperature and environment. Furthermore, the heavy metal pollution affects the meiosis division; thus, the number of formed gametogenic cells is low. The heavy metal accumulation in the tissue causes unstable lysosome activities and its degradation, which further leads to the cell death (Jalius et al., 2016) . Moore (1985) and Dumkova et al (2017) reported that the pollution of Pb, Cu and Cd causes the instability of lysosome organelle membrane within the cell. In addition, it also gives an effect to oxidation, enzymatic activities and the equilibrium of Ca 2+ ion within the cell. Last but not least, heavy metals are toxic and lead to bioaccumulation that can cause biotransformation within the cell, leading to cellular or tissue damage.
The heavy metal accumulation in Faunus ater from the two rivers occurs through food chain pathway. In the tissue, heavy metal may trigger the formation of Reactive Oxygen Species (ROS) compounds due the deactivated antioxidant enzymes such as Superoxide dismutase (SOD), Catalase (CAT) and Glutathione Peroxidase (GPOD). Heavy metals such as Pb enter the cytosol by potential inhibition of membrane physiological import. Heavy metals contaminate and bind small molecules (such as GSH) and carriers, namely chaperons and apoprotein (such as superoxide dis-mutase, cytochrome c oxidase). Chaperon and apoprotein may substitute natural ligand process from endogenic cations, thus hindering the homeostasis process of Ca and being accumulated in the metal rich particles or mineral. With the presence of reduction-oxidation in sulfur group, the formation of ROS may occur (Varotto et al., 2013) .
The formed ROS inhibits the gene expression as well as antioxidant process of cellular organelles such as in mitochondria and lysosome. The inhibition may lead to cell death, either through necrosis or apoptosis (Varotto et al., 2013) .
Other literature explained that the bioaccumulation of heavy metals occurs when the organism activates its self-defence mechanism by merging with the environment (Al-Halani, 2018), which include water, sedimentation, suspended solid, and predator organism. If the chemical merging exceeds the metabolism or chemical excretion, then bioaccumulation can occur (Osman and Kloas, 2010). Therefore, the tissue analysis can reveal the presence of contaminant which may not be detected otherwise (Osman and Kloas, 2010) . Meanwhile, long term exposure of low-level pollutant on Fausnus ater may not exhibit clear or observable effect; however, the effect on reproductive system may again take place and affect the decrease of its offspring, where extinction can possibly happen in the future.
CONCLUSION
Faunus ater in the Reuleng River and Bale River is found with histological damage in its gonad, due to the presence of Pb and Zn. The results obtained from this study suggest that the tissue damage in the reproductive system of Faunus ater has been observably occurred, where in female gonad: (a) Oocyte average that has developed to gonadal maturity level is higher in the samples obtained from the Reuleng River than from the Bale River; (b) Oocyte average that has not developed to gonadal maturity level is higher in the samples obtained from the Reuleng River than from the Bale River; And (c) the average number of damaged oocytes is similar in the samples obtained from both locations, where the lobules are present in damaged gonad due to the contaminants; thus, the development of oogonia to become oocyte cannot take place. Meanwhile, during the histological analysis in male gonad, it was found that the samples from the Bale River have higher quantity of spermatogenic cells that experience greater necrosis, than that from the Reuleng River. Even though the Bale River is located near the cement factory, where the wastewater of machine-washing process is discharged directly, the significant damage in Faunus ater gonad was not present, compared to the one from the Reuleng River. However, the spermatogenic development was observed to be better in Faunus ater gonad from the Reuleng River.
